ABSTRACT -This study was performed to determine the effect of shell colour in eggs acquired from Ross-308 broiler breeders on the interior and exterior quality of the egg, the antibody content of the egg yolk, and growth performance. The shell colours of a total of 1350 eggs were classified, using a colorimeter, into three groups: dark (E<64), medium (E:64.00-67.00), and light (E>67). The difference between groups with respect to egg weight, shape index, shell weight, and Haugh unit value was significant. Egg yolk antibody content (IgY) was 6.658 mg/mL in the dark colour group, 5.130 mg/mL in the medium colour group, and 5.242 mg/mL in the light colour group. Among incubation characteristics, the fertility rate as, in order, 94.66%, 92.14%, and 87.92% in dark, medium, and light shell colour eggs, and the hatchability was 87.00%, 84.28%, and 80.57%, in the same order. No significant difference was observed between groups with respect to hatchability of fertile eggs and embryonic mortality rates. No significant difference was observed between groups for live weight, feed intake, and feed conversion ratio either. The eggshell colour has an effect on yolk antibody content and on the hatchability, but it has no influence on hatchability of fertile eggs, Haugh unit and growth performance.
Introduction
Eggshell colour is determined at the end of the ovarian channel, in the uterus. From the moment the eggshell starts to form, the epithelial cells at the surface of the shell gland (uterus) start synthesizing colour pigments (Butcher and Miles, 1995) . The pigments that create the shell colour are called biliverdin-IX, zinc chelate, and protoporphyrin-IX. In eggs with blue or green shells, biliverdin and biliverdin zinc chelates are more prominent, while in brown-shelled eggs, the amount of protoporphyrin is higher (Zhao et al., 2006) . While the biliverdin pigment has an antioxidant effect, protoporphyrin increases the resistance of the eggshell against breaking (Liu and Cheng, 2010; Ishikawa et al., 2010; Soler et al., 2005) . Biliverdin and its reduction product bilirubin are powerful antioxidants (Liu and Cheng, 2010) and are essential for early embryogenesis (Falchuk et al., 2002) . A study performed on blue tit (Cyanistes caeruleus) eggs reported that, according to the structural function hypothesis, the protoporphyrins responsible for the reddish dots on the eggshell are stored in the shell areas where calcium accumulation is lower (Garcia-Navas et al., 2011) .
There are many methods for determining eggshell colour differences (Sezer et al., 2007; Ingram et al., 2008; Mertens et al., 2010; Sekeroglu and Duman, 2011; Taha, 2011; Wegrzyn and Leniowski, 2011; Caglayan et al., 2014; Lukanov et al., 2015) . One of these methods is based on determining the eggshell colour (E) value that shows the shell pigment density. The eggshell colour value is calculated using the formula E = (L 2 + a 2 + b 2 ) 1/2 . Eggshell colour is based on three basic indices: L, a, and b. These indices are defined as follows: L -blackness-whiteness degree; a -greenness-redness degree; and b -bluenessyellowness degree. A lower E value represents a darker egg colour (Ingram et al., 2008; Sekeroglu and Duman, 2011) . Egg external quality characteristics are established based on egg weight, egg density, and shell characteristics.
Shell quality can be determined by shell thickness, shell breaking resistance, visible shell defects, density, shell weight, shell ratio, and shell colour (Liu and Cheng, 2010) . In studies that examine the relationship between shell colour and shell quality, Godfrey (1949) and Jopesh et al. (1999) found that eggs with darker shells have a higher density. Ingram et al. (2008) reported that the eggshell colour is significantly related to the shell quality, but this was not a feature that determined shell quality as definitively as egg density and shell thickness. While Briggs and Teulings (1974) reported a positive (0.08) relationship between eggshell colour and breaking resistance, Yang et al. (2009) found a negative relationship between shell colour and breaking resistance (−0.262), shell weight (−0.255), and shell thickness (−0.443). On the other hand, Liu and Cheng (2010) reported that the eggshell colour on its own cannot be a sufficient indicator for determining eggshell quality.
The shape, structure, and pigmentation of the eggshell affect the hatchling weight, body structure, and incubation results of day-old chicks (Shanawany, 1987) . Determining the eggshell colour provides information for determining the disease or stress status of the animals providing eggs with dark-coloured shells. This information can be used for early detection of stress states or oncoming diseases before serious quality and health problems arise (Mertens et al., 2010) . Ishikawa et al. (2010) reported that the bacteria development on the shell surface is lower in eggs with darker shells. In studies performed on chicken eggs, Sekeroglu and Duman (2011) found that the live weight of chicks hatched from eggs with dark shells is higher than that of chicks hatched from eggs with light-coloured shells. Eggshell colour does not only indicate the female value, but also the quality of the egg and the chicks hatched. According to Morales et al. (2006) , the intensity of the blue-green colour in Ficedula hypoleuca eggs reflects the antibody amounts in the yolk and the amount of antibodies in the yolk affects the chick performance. The development of the chick immune system is dependent on the antioxidant capacity that is inherited or that comes from maternal transfer (Saino et al., 2003) . These antibodies (IgY) provide first hormonal immunity for the newly hatched chicks and improve the growth and survival of the chicks (Apanius, 1998) . Moreno et al. (2004) stated that the eggshell colour can reflect the egg IgY level and chick quality as well as serve as an indicator of maternal immune sufficiency. It was reported that the fertility, hatchability of fertile eggs, hatchability, and hatchling weight are higher in eggs with dark-coloured shells than in eggs with light-coloured shells (Sekeroglu and Duman, 2011 ), but eggshell colour had no effect on embryonic mortality and egg weight loss (Sekeroglu and Duman, 2011) .
This study was performed to determine the effect of shell colour differences in eggs acquired from breeders with genotype Ross-308 on the interior and exterior quality of the egg, the antibody content of the egg yolk, and growth performance.
Material and Methods
The trial materials consist of hatching eggs acquired from 35-week-old Ross-308 broiler breeders. During the trial, the hatching eggs acquired from the breeders over one week were grouped into three groups based on their eggshell colours (E values). To establish the eggshell colours, a colorimeter (Konica Minolta Colorimeter CR-300) was used to establish the L*, a*, and b* (L: brightness, a: redness, and b: yellowness) values. Using the L*, a*, and b* values taken from the blunt, sharp, and center areas of the egg, the local E values were calculated by the formula E = (L 2 + a 2 + b 2 ) 1/2 . Using the arithmetic mean of local E values, the E value of the entire shell colour was found as follows: Whole shell colour E value = (E Sharp end + E Equatorial + E Blunt end ) / 3
After the shell colours of the collected eggs were established, the eggs were classified into three groups according to the calculated E values: dark (E<64), medium (E: 64-67.00), and light (E>67). During the trial, 400 eggs from each shell colour group and 1200 eggs in total were taken for hatching and 150 eggs (50 × 3) were taken to determine the internal and external quality criteria, thus using a total of 1350 eggs for the trial. In each eggshell colour group, the internal and external quality characteristics of the eggs were established using eggs collected daily during the first two days.
After the eggs were separated into three groups, according to E values, they were individually numbered. Individual egg weight, length, and width were measured for each egg in each group. To find out egg weight, an electronic scale sensitive to 0.01 g was used and the egg length and width were established using a digital caliper. Eggshell thickness was calculated by taking the arithmetic mean of thickness measurements from dried eggshells at sharp, blunt ends, and the equatorial area of the egg. Shell breaking resistance was measured using a tool that measures breaking resistance in kg/cm 2 . Before determining the internal quality characteristics, eggs from each group were left at room temperature for 24 h. After the waiting period, the eggs were cracked onto a flat surface and the long radius and short radius of the thick albumen and the yolk radius were measured using a digital caliper. A three-step micrometer was used to determine the albumen and yolk height.
The formulae below were used to calculate the internal and external quality values of the eggs:
Shape index (%) = (Egg width (mm) / Egg length (mm)) × 100
Albumen index (%) = (Egg albumen height (mm) / Average of albumen length and width (mm)) × 100
Yolk index (%) = (Yolk height (mm) / Yolk diameter (mm)) × 100
Haugh unit = 100 Log (H + 7.57 -1.7 W 0.37 ), in which H = albumen height (mm) and W = egg weight (g).
Egg yolk L, a, and b values were measured using a colorimeter (Konica Minolta Colorimeter CR-300) and the E value was calculated using these measurements. Before measurements were taken, the spectrocolorimeter was calibrated according to L: 97.10, a: −4.88, and b: 7.04 values (Francis, 1998) .
To determine the egg yolk antibody content, 15 samples were taken from each group and with two parallel samplings from each sample, 30 egg yolk antibody content (IgY) measurements were taken from each group.
The isolation of polyclonal chicken immunoglobulins acquired from egg yolks was performed using the modification of the two-stage protocol applied by Polson (1990) . The egg yolk was separated from the albumen, washed with deionized water and placed inside a funnel. The external layer of the yolk was separated using forceps and the samples were transferred to 50-mL tubes. Each egg yolk sample was treated and mixed with 25 mL sodium phosphate buffer (100 mM, pH 7.6). Afterwards, 20 mL chloroform was added and the sample was shaken until a half-transparent phase was reached. After 30 min of 1200 g centrifuge treatment, the supernatant was poured into a centrifuge tube and (Fluka St. Louis, Mo) solid polyethylene 6000% 12 (w/v) was added to the final concentration. Finally, after 10 min of centrifuge at 15.700 g, the pallets formed were unseated using 2 mL sodium phosphate buffer and the samples were stored at −20 ºC.
The analysis of antibody bonding to egg yolk lysates was performed with indirect enzyme-linked immunosorbent assay (ELISA). As a shortcut, commercial anti-chicken IgG reaction kit (Cloud-Clone Corp., USA) was used. Afterwards, using an ELISA reader (Biotek µQuant), the IgG FC levels in the samples were recorded by calibrating the 450 nm light wavelength absorbance values according to the formulation given on the kit.
The eggs to be hatched were disinfected for 20 min at 20 o C room temperature using two doses of 28 cc formalin and 14 g potassium permanganate solution before placement in the setter. Afterwards, 1200 eggs (400 × 3) were placed in incubators, with 80 eggs in each (80 × 5 = 400). During the development period (0-18 days), the temperature was fixed at 37.7 o C and relative humidity at 55-60%. On day 18 of incubation, eggs belonging to each group were placed on separate trays and were transferred to the hatchery. The hatching conditions in the hatching machine were set as 37.4 o C temperature and 65-70% relative humidity. At the end of the incubation period, the eggs that did not undergo a chick hatch were broken and fertility and embryonic mortality rates were determined macroscopically. Eggs were categorized as unfertilised, early (0-6 days), middle (7-17 days), and late and under shell embryonic mortality (18-21 days). Incubation results were calculated according to these formulae:
Fertility rate (%) = (number of fertilised eggs / total number of eggs placed into the machine) × 100
Hatchability of fertile eggs (%) = (Number of hatched chicks / Number of fertilised eggs placed into the machine) × 100
Hatchability (%) = (Number of hatched chicks / Number of total eggs placed into the machine) × 100
At the end of the hatching period, the chicks that hatched were taken out of the incubator after they were dried. To establish hatchling weight, the chicks were weighed individually and were given wing numbers. From each trial group, 200 chicks were taken and separated into five groups of 40 chicks. When placing chicks into groups, 20 male and 20 female chicks were selected for each.
During the study, the animals were fed broiler chick starter feed (23% raw protein, 3100 kcal/kg metabolizable energy; ME) on days 0-10 and broiler grower feed (22% raw protein, 3200 kcal/kg ME) ad libitum on days 11-35. Chicks were given water ad libitum as well and 24 h lighting was used.
For the study, animals in all groups were weighed individually every week and their weekly live weights were recorded. The feed conversion ratio of the groups was calculated using their weekly feed intake and live weights.
Groups were checked every day to determine animals that had died and at the end of 35 days, based on the mortality rate recorded, the survival strength (%) was known.
The SPSS (SPSS for Windows, release 17.0) package program was used for the analysis of the data obtained during the study. Variance analysis was applied for the statistical assessment of the data. To work out differences among the groups, Duncan's multiple comparison test was applied.
Results
The effect of egg shell colour on egg weight, shape index, shell weight, Haugh unit value, and egg yolk IgY level was significant (P<0.05) ( Table 1 ). The highest egg weight, shape index, and shell weight were achieved in the light shell colour group and the highest Haugh unit was achieved in the medium shell colour group. No significant difference was observed in shell colour groups with respect to albumen index, yolk index, shell thickness, breaking resistance, or yolk L, a, and b values (P>0.05).
The relationship between shell colour and yolk antibody content (IgY) was significant (P<0.05) and the yolk IgY content was 6.658 mg/mL in dark-coloured eggs, 5.130 mg/mL in medium-coloured eggs, and 5.242 mg/mL in light-coloured eggs (Figure 1) .
The rates of fertility, hatchability, and hatchability of fertile eggs were the highest in the dark shell colour group. While the difference of the fertility and hatchability rates were significant among groups (P<0.05), the hatchability of fertile eggs among groups was not significant (P>0.05). With lighter shell colours, lower values were observed in these categories (Table 2) .
The difference among shell colour groups was significant with respect to embryonic mortality (P<0.05). While early embryonic mortalities were more frequent in the dark shell colour group, middle and late embryonic mortalities were rarer in the dark shell colour group (P<0.05).
The hatchling weights of dark, medium, and light groups were 46.45, 46.57, and 47.72 g respectively (Table 3) , and the difference among the groups was significant (P<0.05). In regard to live weight, no significant difference was found among the groups in the other weeks (P>0.05). At the end of day 35, the average live weights were 2416.94, 2429.20, and 2403.96 g in dark, medium, and light shell colour groups, respectively. While the light shell colour group had Table 6 -Effect of eggshell colour on feed conversion ratio with additives in the groups the highest hatchling weight, at the end of growth, its live weight was the lowest for this group. No difference with respect to weekly and additive feed intake was observed among groups (P>0.05) ( Table 4) . The feed intake with additives in dark, medium, and light shell colour groups at week 1 was, in order, 196.66, 198.21, and 198 .50 g, and this value was calculated, in the same order, as 3851.37, 3840.93, and 3826.59 g at the end of week 5.
Feed conversion ratio was given weekly and with additives (Tables 5 and 6 ), with no difference (P>0.05) among groups (without or with additives). At week 1, the feed conversion ratio for the dark, medium, and light groups were, respectively, 1.229, 1.245, and 1.247, while at the end of week 5, the rates were, in the same order, 2.062, 2.031, and 2.114.
Average feed conversion ratio during the grower period was 1.622, 1.612, and 1.625 for dark, medium, and light shell colours respectively (P>0.05).
Discussion
In this study, it was found that the egg and shell weights are higher in light shell colour eggs than in dark shell colour eggs. The study performed by Soria et al. (2013) on commercial white and brown chicken eggs reported that the egg weight and shell weight are higher in eggs with darkcoloured shells than in eggs with light-coloured shells. Shafey et al. (2005) reported that egg weight and shell percentage were not affected by the brown pigment ratio of the eggshell. Tumova and Ledvinka (2009) reported that in Hisex-Brown genotype (38-42 weeks old), the eggs with the highest shell color rate (48%) were low for egg weight and shell weight.
In studies on the external and internal quality of pheasant eggs and the relationship of these with hatching results (Kirikci et al., 2005; Kozuszek et al., 2009) , it was found that the shell weight and shape index were higher in dark-brown and olive-green eggs than in light brown-and blue-coloured eggs. In this study, shell weight and shape index were higher in light-coloured eggs. These differences in results might be related to working on different species and this study focuses on the pigment density of eggs acquired from the same genotype. Higher shell weight in the light shell colour group being higher than the other groups might be related to the egg weight in this group being higher than that of the other groups. Other studies also found a relationship between eggshell colour and breaking resistance, shell thickness, and weight (P<0.05), but determined that shell colour had no influence on egg weight, Haugh unit, or yolk colour (Bennett, 1992; Roque and Soraes, 1995; Yang et al., 2009) .
In this study, Haugh unit value was 79.56 in the dark shell colour group, 79.01 in the light shell colour group, and 82.70 in the medium shell colour group (P<0.05). In our study, the Haugh unit value for the medium shell colour group (82.70) was close to the values reported for this characteristic by Sarıca et al. (2012) (ATAK, ATAK-S ve SUPER-BROWN) and Zita et al. (2009) (ISA Brown) (in order, 82.14, 80.17, 84.69, and 81.34) . Similarly, the Haugh unit values for the dark and light shell colour groups are close to the 79.48 value for eggs with brown shell colour (Alsobayel and Albadry, 2011 Tumova et al. (2011) (86.5, 88.4, and 86.9) and Ledvinka et al. (2012) (86.5, 88.9, and 87.8 ) are higher than the values found in this study.
In this study, the egg yolk antibody content was found higher in dark shell colour eggs (6.658 mg/mL) than in medium (5.130 mg/mL) and light (5.242 mg/mL) shell colour eggs. According to Sun et al. (2013) , the yolk antibody (IgY) content is high in eggs with dark shells, and shell colour affects the IgY level in the egg directly. In our study, the yolk IgY level in all shell colour groups was lower than the 10-20 mg/mL level established by Szabo (2013) . However, in this study, the yolk IgY level was higher than the yolk IgY levels measured by Carlander et al. (2003) in different genotypes (White leghorn, SLU-1392 and Rhode Island Red) as, in order, 2.21, 1.95, and 1.68 mg/mL. Again, in a study by Hamal et al. (2006) on the transfer of maternal antibody levels to albumen and yolk in two broiler lines, the yolk antibody levels were found, for line 1 and line 2, respectively, as 1.15 and 2.26 mg/mL.
The fertility, hatchability, and hatchability of fertile eggs with dark-coloured shells being higher than the other shell colour groups might be related to the higher yolk IgY content in this group. The results achieved support Sekeroglu and Duman (2011) , leading to the conclusion that the fertility and hatchability in dark-coloured eggs of the Ross-308 genotype are higher than light-coloured eggs. Similarly, Kumar et al. (2012) reported that the hatchability is higher in brown and light-brown eggs than in light-coloured eggs. In a study performed on pheasant eggs (Kozuszek et al., 2009) , the fertility and hatchability of eggs with dark brown shells were reported as higher than those of eggs with light brown-, olive-, and blue-coloured shells. Again, Ristic et al. (2013) reported that the fertility rate (92.1%) and hatchability (77.99%) in pheasant eggs with brown shell colours are higher than in eggs with green, dark-spotted, and blue-green shells.
Embryo mortalities varied among eggshell colour groups, with the lowest early embryonic mortality in the light shell colour group and the lowest late embryonic mortality in the dark shell colour group. These results differ from the results of Shafey et al. (2005) , who reported that the lowest early embryonic mortalities were observed in eggs with dark shell colours and the lowest late embryonic mortalities in eggs with light shell colours. Again, according to Sekeroglu and Duman (2011) , early and late embryonic mortalities were lower in dark shell colour eggs than in medium light and light shell colour eggs.
The shell colour in hatching eggs had no effect on live weight, feed intake, and feed conversion ratio. This result differs from the results of the study of Sekeroglu and Duman (2011) , in which the effect of shell colour on live weight was significant. The lack of effect of shell colour on feed conversion ratio matches with the conclusion reached by Sekeroglu and Duman (2011) . The difference in hatchling weight was significant and these findings differ from the findings of Shafey et al. (2005) . The differences among groups with respect to hatchling weights can be associated with the differences among starting egg weights.
Conclusions
The eggshell colour has an effect on egg yolk antibody content and the hatching results might be affected by this. The hatching characteristics of eggs with darker shell colours might be better than lighter-coloured ones.
